Flexible or asphalt concrete pavement is the paving system most widely adopted all over the world. It has been recognized that there are many different types of the factors affecting the performance and durability of asphalt concrete pavement, including the service conditions, such as: the variation of temperature from mild to extremes and the repeated excessive axle loading as well as the inadequate quality of the raw materials. All of these when combined together are going to accelerate the occurrence of distresses in flexible pavement such as permanent deformation and fatigue cracking. As the result, there has an urgent need to enhance the ability of asphalt concrete mixture to resist distresses happened in pavement. Use of additives is one of the techniques adopted to improve pavement properties. It has been found that hydrated lime might be one of the effective additives because it is widely available and relatively cheap compared to other modifiers like polymers. This paper presents an experimental study of the hydrated-lime modified asphalt concrete mixtures. Five different percentages of the hydrated lime additive were investigated, namely (1, 1.5, 2, 2.5 and 3 percent). The hydrated lime additive was used as partial replacement of limestone filler by total weight of the aggregate. The designed Hot Mix Asphalt (HMA) concretes are for the application of three pavement courses, i. 
INTRODUCTION
Heavy and repeating traffic loads as well as the variation of environmental temperatures are of course the two of the main factors causing the development of distresses, such as fatigue cracking, moisture damage and permanent deformation, in pavements (Albayati, 2012). Using additives has been found to be one of the effective techniques to improve pavement durability. Recently, the use of hydrated lime, i.e., calcium hydrate (Ca(OH) 2 ), as mineral filler and anti-stripping material has raised more and more interest. Hydrated lime has a wide range of particle size distribution and proportion. Its large particles can act as filler to enhance the stiffness of the asphaltic mixture, while the small particles can increase the asphalt viscosity to improve its cohesion (Mohammad et al., 2000) . Previous studies (Albayati 2012, Little et al. 2006 , Sebaaly et. al. 2001 , Albayati and Ahmed 2013) have found that asphalt concretes with added hydrated lime showed a reduction of hardening age, and increase of flexural stiffness and resilient modulus at moderate and high temperatures. These studies also found that the modified asphalt concretes have improved durability, including the ability to resist permanent deformation, fatigue failure (alligator), thermal cracking, as well as moisture ingress. Hydrated lime as a partial conventional filler substitute also displayed a significant effect on the volumetric properties of the concrete mixtures. Meanwhile a high hydrated lime content corresponds a high asphalt content for the mixtures of optimum properties. For example, it was found that a high asphalt content of 5.34% achieved optimum concrete properties when the added hydrated lime content was 3%, while a low asphalt content of 4.73% achieved an optimum state at 0% hydrated lime content (Albayati, 2012). Satyakumar et al. (2013) studied three types of mineral fillers including hydrated lime. They found that adding 1.5% of hydrated lime by the total weight of specimens increases stiff modulus up to 55%, while, in the similar way, adding the same percentage of the other two mineral fillers (fly ash and phosphogypsum) showed less increase in stiffness. Al-Suhaibani (1992) studied the properties of the asphalt concretes with added hydrated lime and compared with other types of fillers locally available in Saudi Arabia. It was showed that the hydrated lime enhances the resistance to permanent deformation (rutting). The hydrated lime as a filler added in the asphalt concrete will decrease the chance of hot mix asphalt (HMA) to deform at high temperature, especially at the beginning of service life when the asphalt is on its highest susceptibility to rut. This is due to that hydrated lime stiffens the asphalt film coating on the aggregate surface and enhances the bonding between aggregates and asphalt (Satyakumar et. al., 2013) . Using hydrated lime to modify asphalt concrete for practical pavement applications, more information and experimental data are still needed for the sake of the development of design standards. So far, there haven't had sufficient studies on the combined effects of the mixtures with varied hydrated lime contents under a wide range of the variation of temperature and for different applications. This paper presents an experimental study on the mechanical properties of asphalt concrete with five different percentages of the hydrated lime as partial replacement of the conventional limestone filler. 
EXPERIMENTS

Raw Materials and Mixture
The component materials that used in this research are asphalt cement, aggregates, and fillers (limestone dust and hydrated lime). The physical properties of the asphalt cement and aggregate are listed in Table 1 and 2 respectively. The aggregates (coarse and fine) were sieved and recombined in deferent proportions in terms of the Wearing (Surface), Leveling (Binder) and the Base course gradation specified by Iraqi State Corporation for Roads and Bridges specification (SCRB, R/9 2003).
The physical properties and chemical composition of hydrated lime and limestone are presented in Tables 3 and 4 , respectively. Control mixes were prepared using limestone dust as the only mineral filler with the content of 7%, 6% and 5% of the total weight of the mixes. The three percentages are in the mid of the range suggested by the SCRB (R/9 2003) for the three types of applications, i.e.: IIIA, II and I for Wearing, Leveling and Base course, respectively.
Other sample mixes took five different hydrated lime percentages by the total weight of the aggregates, namely 1.0, 1.5, 2.0, 2.5 and 3.0%. The hydrated lime was used to replace the same weight of the limestone dust filler. Hydrated lime were added into the mixtures following the normal procedure. Each mixture has the same aggregate gradation to avoid the variation in physical and mineralogical characters. The hydrated lime contents for the mixtures of the Wearing, Leveling and Base course are listed in the Table 5 .
Experimental Procedure
Marshall Mix Design, Preparation and Test
The mix design and preparation followed the Marshall method as summarized in the manual series No. 2 of Asphalt Institute (AI, 1981) and according to the standard ASTM-D-1559. The asphalt cement percentages by the total weight of the specimens are in the range of 4.3 -5.5 for the Wearing course, 4.0 -5.2 for the Leveling course, and 3.7 -4.9 for the Base course, respectively. Three specimens were made for each percentage. The property results take the average value of the tests of the three. Mixes with an interval of 0.3% in each range were studied. The air void percentage (ASTM D3203), bulk density and specific gravity (ASTM D2726) and the maximum (theoretical) specific gravity (no voids in mix) (ASTM D2041) were calculated in terms of the following definition:
where, AV is the voids in the specimen (%), G mm is the theoretical maximum specific gravity of loose mixture excluding the air voids (g/cm 3 ), G mb is the bulk specific gravity of the compacted specimen (g/cm 3 ). W a is the weight of specimen in air (g), W ssd is the weight of saturated surface dry specimen (g), and W w is the weight of specimen in water (g), A is the weight of dry sample in air (g), B is the weight of flask filled with water only at 25°C (g), and C is the weight of flask filled with water and specimen at 25°C (g).
Permanent Deformation Test
Uniaxial repeated loading test was conducted for the cylindrical specimens, which are 101.6 mm (4 inches) in diameter and 203. repetition was applied in a rectangular wave form with a constant frequency of 1 Hz (0.1 seconds of load duration followed by 0.9 seconds of rest time). The axial permanent deformation was recorded using Linear Variable Differential Transducer (LVDT). The deformation was measured at the upper face of the specimen. The permanent axial deformation were recorded after 1, 2, 10, 100, 500, 1000, 2000, 3000, 4000, 5000, 6000, 7000, 8000, 9000, 10000 times of repetition, respectively, until the specimens failed. The permanent strain is calculated according to the following definition: = * 10 6 h (4) Where, ε p is the axial permanent strain, p d is the axial permanent deformation, h is the specimen initial height. Throughout the test the resilient deflection is measured at each load repetition of 50 to 100, and then resilient modulus is calculated in terms of the definition below:
where, ɛ r is the axial resilient strain, r d is the axial resilient deflection, h is the specimen original height, M r is the resilient modulus, σ is the repeated axial stress. The permanent deformation results are represented in terms of relationship between the permanent strain and the repetition number of load following the description of the Eq. (6) originally suggested by Barksdale (1972) and Monismith et al. (1975) , which is a linear function in the form of log-log display = aN b (6) where, ε p is the permanent strain, N is the number of stress applied, a and b are intercept and slope of the relationship respectively.
Specimen Nomenclature
Nomenclature (as the mixture shown in Table 5 ) were made for the designed mixes in terms of the name of the pavement course application and the hydrated lime content. The name of each type of specimens consists of three components, i.e.: the first letter refers to the nature of samples (C means control, H means hydrated lime modified), the numerical figure in the middle indicates the percentage of the added hydrated lime, and the last letter refers to the type of application i.e.: Wearing (W), Leveling (L) or Base (B) course.
RESULTS AND DISCUSSION
Optimum Asphalt Content (OAC)
The data shown in Tables 6-8 indicate that the mixtures with added hydrated lime appear to have a higher asphalt content than the control mixture. The mixtures of H3W, H3L and H3B have the OAC values of 5.3%, 5% and 4.7%, respectively, which are higher than that of the mixtures of less hydrated lime contents. The three control samples for the W, L and B course have the lowest OAC values, which are 4.9%, 4.6% and 4.3%, respectively. The increase of the asphalt cement for the hydrated lime modified mixtures can be attributed to the relatively high specific surface area of hydrated lime, which is about 1.6 times of that of the limestone dust. The high surface area attracts more asphalt cement particles to achieve a more thorough hydration process (Al-Suhaibani et al. 1992, Shahrour and Saloukeh 1992).
Density
The effect of the addition of hydrated lime on the unit mass of the compacted mixes is shown in Figure 1 . It can be seen that the unit mass tends to decrease as the lime content increases. There are two reasons may related to the decrease. The first one is due to the low density of hydrated lime (2.43 gm/cm 3 ) compared with that of the replaced limestone dust (2.71 gm/cm 3 ), while the second one is attributed to the increase of air voids. Generally, the addition of mineral filler tends to increase the viscosity and makes the mixture more stiff. As a result, the degree of compaction may decrease with the increase of hydrated lime content (Fayadh 1987 Figure 2 shows the influence of added hydrated lime on the stability of the mixtures. It can be seen that the maximum stability corresponds to 2% hydrated lime addition for course W, 2.5% for course L and 2.5% for course B. The result is attributed to the fact that hydrated lime is finer than limestone dust. The replacement of the limestone with hydrated lime increases the stiffness of the mixture. On another hand, because the addition of hydrated lime increases the viscosity of the asphalt cement (Kim et 
Marshall Stability
Resilient Modulus
The resilient modulus can be worked out in terms of the Eq. (5) using the recorded stress-strain relationship. The resilient modulus at different temperatures with respect to the addition of hydrated lime for the course W, L and B mixes are presented in Figure 4 . It can be seen that relatively high resilient modulus has been achieved by the mixtures of the added hydrated lime with a content in the range of 1.0 to 3.0% at the three temperatures of 20 o C, 40 o C and 60 o C. However, in general, the modulus decreases with the increase of temperature. In detail, the modulus increases with the added content of hydrated lime for all the three types of course mixtures at the low temperature of 20 o C. However, for the W and L mixtures, the modulus shows a decrease with the increase of temperature at the high hydrated lime content. In general, the properties will deteriorate with the increase of temperature. Petersen (2005) pointed out that hydrated lime is chemically inactive at low temperature, and, as a result, it helps to develop a significant rutting resistance. The results from Figs. 5-7 show that at a relatively low temperature, such as 20 o C, the permanent strain is low for all the mixtures and the effect of the variation of the hydrated lime content is not significant, however, at a relatively high temperature, such as 40 o C and 60 o C, the hydrated lime content displays an effective influence, particularly, at 40 o C and for the course W and L, the effect of the hydrated lime content is more pronounced.
Permanent Deformation
Effect of Hydrated Lime on Permanent deformation
Models' parameters and Number of repetition to Failure
Based on the model Equation (6), Table 9 
CONCLUSIONS
The follow conclusions can be drawn from the results.
1. The addition of hydrated lime will enhance the Marshall properties as well as increase the demand of asphalt cement. The addition of 2%, 2.5% and 2.5% hydrated lime displays the most effective improvement on the Marshall properties for the Wearing, Leveling and Base mixtures, respectively. 2. The addition of hydrated lime up to 2.5% will increase resilient modulus for all the mixes at the temperature of 20 o C, 40 o C and 60 o C. However, over 3% hydrated lime addition shows a slight decrease in stiffness. It can be concluded that the temperature has a significant influence on the HMA properties.
3. The addition of hydrated lime up to 2.5% results in a considerable improvement on the fatigue performance of asphalt concrete mixes, which become more durable and resistant to distresses.
4.
At low temperature (20 o C), the addition of hydrated lime shows a limited effect on the enhancement of the resistance to permanent deformation. However, at relatively high temperatures (40 o C and 60 o C), the effect of addition of hydrated lime becomes more clear and significant. It can be concluded that 2.5% of hydrated lime content will achieve an optimum mixture with a balance between rutting susceptibility, resistance to rutting, and workability. 
